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Compound-specific isotopic analysis of fatty acids in three soil
profiles to estimate organic matter turnover in agricultural soils.
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Soil lipids encompass substances of mainly plant or microbial origin that are insoluble in water
and soluble in organic solvents such as ether, hexane, benzene, chloroform or dichloromethane.
This soil organic fraction is of great interest because it encompasses biomarkers associated to soil
microbial communities, i.e. Gram positive/negative bacteria, mycorrhizae, actinomycetes, etc. and
because of its transitory nature that provides insights into soil organic matter (SOM) dynamics and
soil carbon turnover. Compound-specific isotope analysis (CSIA) have been used in biomarker
studies to investigate the assimilation of carbon from external inputs into SOM. This study
determined the distribution and d13C composition of fatty acids as dominant part of the soil lipid
fraction to assess turnover times in agricultural practice.
Soil samples were taken from three depth intervals (0-5, 5-20, 20-40 cm) from a Mediterranean
agricultural soil at “La Hampa” experimental station used for a crop rotation experiment with
wheat (C3 plant) and maize (C4 plant). Using the C4 biosynthetic pathway, maize discriminates less
strongly against 13C, i.e. d13C values of fatty acids originating from maize are less negative than
those of fatty acids from wheat.
Soil lipids were extracted using a DCM:MeOH (3:1) solvent mixture. Fatty acids were
transmethylated with MeOH:acetyl chloride (30:1) to form fatty acid methyl esters (FAMEs) while
the hydroxy groups of hydroxy acids, alcohols, sterols and other compounds were silylated using
BSTFA prior to analysis by gas-chromatography combustion chamber isotope ratio mass
spectrometry (GC-C-IRMS) for carbon isotope ratios. Compounds were identified through their
mass spectra by gas-chromatography mass spectrometry (GC-MS) and quantified by gas
chromatography with flame ionization detection (GC-FID).
Only two maize harvests after wheat cultivation, a significant 13C enrichment of up to 2 ‰ was
found in the saturated C20, C22 and C23 FAMEs and the mono-unsaturated C22 FAME and of up
to 5 ‰ in the leaf wax-derived C29 and C31 n-alkanes relative to the control treatments without
maize input. No significant differences, however, were found for alcohols and hydroxy acids. These
differences may respond to the high specificity of the long-chain n-alkanes from plant origin,
whereas the other compounds FAMEs, and mainly alcohols and hydroxyl acids are less specific
plant markers and may have a diverse origin.

No significant differences in the isotopic composition were observed at different depths within
treatments apart from a slight d13C enrichment of 1.5 ‰ in the upper soil layer (0-5 cm) in the
maize plots relative to the deeper layers. It is worth noticing that SOM content remained very low
(< 1.3%) over the entire duration of the experiment, with no significant differences despite the high
amount of C4 biomass presumably added to the soil during the two growth periods. Together with
the d13C enrichment observed in the maize plots, this points to high mineralization rates in these
soils and implies both a rapid turnover of plant debris into the SOM.
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